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Abstract 

CnJ I Charged Higgs phenomenology and discovery potential at future linear colliders through the production 

. process e~e~^ — ^ H~^H~ — >■ t'^vtv is studied. Both charged Higgs bosons are considered to decay to tv and 

CN ■ 

^ ■ the hadronic decay of r leptons is analyzed taking into account spin and kinematics effects using a proper 

simulation of the r lepton decay. It is shown that within the MSSM framework, with tan/3 = 10, a wide 
range of charged Higgs masses would have detectable signal beyond the ba statistical significance at linear 
Csl . coUiders with ^ = 500 and 1000 GeV. 
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I. INTRODUCTION 



Despite magnificent success of Standard Model of particle physics (SM) in describing sub-atomic 
events and particles properties in the last years, the Higgs mechanism and the question of mass 
spectrum has remained as an open question. The Higgs particle, predicted by the Higgs mechanism, 
is currently left for more data from LHC to provide a reasonable judgment on its existence 
While a large part of effort is in the direction of SM Higgs boson searches, theories beyond SM are 
also under attention. In supersymmetric models beyond SM P| , advantages appear: the quadratic 
divergence of the Higgs boson mass is removed naturally by including supersymmetric particle 
contributions in the Feynman diagrams, gauge unification is achieved and candidates for the dark 
matter are also proposed. 

In the so called Two Higgs Doublet Model, 2HDM, more than a single Higgs boson is predicted. 
The minimal supersymmetric standard model (MSSM), belonging to 2HDMs family, expects five 
Higgs bosons, two of which are charged. While neutral MSSM Higgs bosons may appear similar to 
their SM partner, existence of a charged Higgs boson would be a signature of models beyond SM. 
The charged Higgs boson has been searched for extensively in recent high energy experiments. 
The search strategies are based on direct and indirect searches. In direct searches, a charged 
Higgs signal is searched for through production processes which involve this particle and its decay 
products. The search is therefore based on an excess of events over what is expected from SM 
processes withought charged Higgs. The current results of such searches include the lower limit set 
by the LEP Higgs Working Group which excludes a charged Higgs with < 80 GeV jj]. The 

CDF collaboration has also excluded high tan j3 region of parameter space [5] . The current result 
from the CMS collaboration at LHC excludes a wider region of {mjj± , tan f3) space compared to 
previous experiments [6]. Based on this result, tan/3 =10 can still be used for all charged Higgs 
masses. 

The indirect search strategies are based on observation of any deviation from SM, which could be 
interpreted as the effect of a charged Higgs boson changing propagators in Feynman diagrams which 
could appear as slight changes in cross sections, branching ratio of decays of known particles or 
other observables compared to SM withought Higgs. One of such analyses searches for SM tt cross 
section deviations from what is expected in different final states [7]. The existence of a charged 
Higgs is then inferred as imbalance between cross section of different final states when corrected 
for lepton identification efficiencies. A review of direct and indirect searches at the Tevatron can 
be fo„„. i„ a. Res... fro. B-.eso,. deca.. can a.„ i,npo,e i„d.ec. co,..„i,..e o,. «.e charged 
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Higgs mass. The strongest limit arises from the partonic transition 6 — )• 57 which excludes a 
charged Higgs with mass below 295 GeV at 95 % C.L. in 2HDM Type II for tan /3 higher than 2 
using CLEO data [9]. However, in a general supersymmetric 2HDM such as 2HDM Type III, the 
Higgs-fermion coupling can be complex. It is then shown that for a wide range of the phase angle 
defined through a term like e*^ times the absolute value of the coupling, the charged Higgs mass can 
be as low as 100 GeV [lOj- Since different theoretical views, may result in different interpretation of 
indirect search results, the most conservative approach would be to take the charged Higgs direct 
search results as the bottom line. This is in fact what has been adopted in this study. 
In a different way, limits on the mass of other neutral Higgs bosons can be translated to limits 
on the charged Higgs mass through the relations which hold between their masses. An analysis of 
this kind performed by the LEP Higgs working group, uses the combined result of MSSM neutral 
Higgs boson searches and excludes a light charged Higgs with 111^+ < 125 GeV |ll| ]. 



While the charged Higgs is under attention in the current experiments, one may face situations, in 
which, possible observation of a charged Higgs is postponed to the future colliders. Suppose LHC 
observes a single light neutral Higgs boson which can also be interpreted as the lightest neutral 
MSSM Higgs boson, h^. In the so called "decoupling limit", i.e., when m^o » nizo, the lightest 
MSSM Higgs boson, h^, reaches the upper limit m^o ~ '"^^0 cos^ 2(3 + loop corrections, while the 
other Higgs bosons, A^, and would be much heavy and nearly degenerate through their 
mass relations as in Eq. [TJ 

1 
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- - (m^o +m|o =F \/("i^o -"i|o)2 +4m|om^oSin^(2/5) ) , m]j± = rn\o + rriy^ (1) 



In this case rriuo ~ rnn^ ~ niy^o. Therefore the charged Higgs boson may be "decoupled" from 
the current experiments and only be observed at a future collider. 



In a different direction, suppose tan /3 is small. The charged Higgs couplings are listed in Eq. 
[2j The H^tb coupling decreases with decreasing tan/3 as long as tan/3 > \/ mt/mh ~ 6. This can 



be easily verified by plotting mt cot (3 + mf, tan /3 as a function of tan /3 
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Of course, the above 



coupling starts to behave in the opposite way if tan/3 is decreased further, however, these points 



are very close or inside the excluded area of LEP 



111 ] and are not considered here. The case of 



H^Tv always remains proportional to tan (3 and again decreases with decreasing tan (3 . 



H+tb : 
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-(m^ cot /3 + TTifc tan/3), H^tu 
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-rrir tan (3 



Therefore two scenarios of light and heavy charged Higgs arise in this case as the following. If the 
charged Higgs is light enough to be produced in a top quark decay, i.e., t — >• H~^b, then it decays 



predominantly to a tv pair. Therefore the main production process would be a top pair produced 
in proton-proton collisions at LHC, followed by the top quark decay to charged Higgs which 
decays subsequently to tv [2]. Such a process involves H'^tb and H'^tv vertices. The strength of 
these vertices decreases rapidly at low tan /3 values. In the heavy charged Higgs scenario, one may 
consider the charged Higgs produced through gg — )• tbH^ and gb — )• tH^ described in 13|, Il4l |. 
followed by its decay to ri^ 15 1 or tb 3]. In both cases the production process again involves 



H^Tu or H^ih vertices through the charged Higgs decay and a similar argument as above applies. 
As the result, it would be hard for LHC experiments to probe for charged Higgs production 
processes if tan/3 is small. 

The above arguments imply that at a future linear collider, the charged Higgs studies would be of 
interest, especially if LHC fails to confirm or exclude the existence of this particle. In this paper, 
focus is on a linear e"e^ collider operating at a center of mass energy of 500 or 1000 GeV. Such 
a collider may be the International Linear Collider (ILC) [itI . \\\ or the Compact Linear Collider 



(CLIC) [l9l| running in its low energy phase. 

There has been an extensive work on estimating the discovery potential of a charged Higgs boson 



201] with 



in e+e linear colliders. A charged Higgs lighter than the top quark has been studied in 
an emphasis on the r lepton polarization effects. The pair production, e^e~ — t- H^H^, has been 



studied in 



2l|, however since it is limited to mfj± < \/s/2, the single charged Higgs production 



processes have attracted interest in the literature. In 



22 



- 24(1 . the single charged Higgs production 
through different processes was analyzed. These processes can probe areas of the parameter space 



not accessible by the pair production process. The e~^e —J- tbH was studied in 



251, 



26l |. However 



it was shown that the cross section of this process is a fraction of femtobarn leading to no hope 



for observation of this channel. In 



27 



28l |. the single heavy charged Higgs production through 



e'^e~ — )• TuH^ was analyzed. It was shown that the charged Higgs pair production is increased 
when including off-shell effects and leads to more promising results. Since then more attention has 
been paid on sin gle charged Higgs production when a heavy charged Higgs is the target. However 



results from 



271, 



28| show that including off-shell effects, the 5cr contour would be extended by 



only about 10 GeV compared to the case of on-shell charged Higgs pair production. The ev^H^ 



process was also studied in 



29|, but it was concluded that the signal cross section is below 0.01 fb 



3C 



and possible 

n 



even for the very low tan (5 values. The W^H^ cross section was calculated in 
enhancement of its cross section was examined by including quark and Higgs- loop effects in |32l |. 
This is a process which could be of relevance at low tan /3 values, however, it was concluded in 



that only few events of this kind may be observed at e^e linear colliders. Therefore there 
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is little hope for W^H^ process to be detectable at e^e colliders, although it may be detectable 
at high tan /3 values at a muon collider 



35l |. Concluding the above introduction, the single charged 
Higgs production through e~^e~ — t- tvH'^ has been proved to be the most promising channel to 
search for, in the high mass region while the analogous process, i.e., the pair production of charged 
Higgs bosons would be the best channel for a light charged Higgs below the kinematic limit -v/s/2. 
It is reasonable to use the charged Higgs decay to top quarks^ when a heavy charged Higgs is 
being analyzed and that is in fact was has been done in 
ratio of decay to top quarks starts to be dominant when the charged Higgs mass goes beyond 
that of the top quark, allowing the charged Higgs boson to decay to a real on-shell top quark. 
However it is interesting to study the charged Higgs decay to tu pair as it is the second decay 
channel for the heavy charged Higgs region. Below the top quark threshold, this decay channel 
is the dominant one. Figure [T] c ompares branching ratio of charged Higgs decay to tv and tb, 



27 



281 ]. The charged Higgs branching 



calculated with HDECAY 3.4 



361 ] . As seen from Fig. [T]the charged Higgs decay to tv decreases 



to the level of roughly 0.2 for the high mass region. This fact reduces the total event rate and 
signal observability compared to the case of charged Higgs decay to tb. However combining the 
analysis results of the two decay modes in a proper statistical method may increase the machine 
sensitivity to the charged Higgs signal. An example of such a combination, although performed 
for the SM Higgs boson searches at LHC, can be found in 
In the following a numerical analysis of charged Higgs decay to tv through the production 



tart> = 10 
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FIG. 1: Branching ratio of charged Higgs decay to different particles as a function of its mass, 
process e~^e~ — )• H~^H~ — t- t~^vtv is performed. Therefore the analysis is based on the on-shell 
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production of charged Higgs bosons and the possible off-sheh production is not considered here as 
it may not change the results very much. This is an expectation inspired from 27], 



The organization of the paper is as the following. In the next section, event generation is described 
and technical tools used in the analysis are introduced. Section III is devoted to the signal and 
background processes and their cross sections calculation. In section IV, the analysis strategy is 
presented and selection cuts are applied to increase the signal to background ratio. Finally in 
section V, results are presented in terms of selection efficiencies listed in tables and the signal 
significance as a function of the charged Higgs mass. The paper ends with conclusions on the 
observability of the charged Higgs in the studied channel. 



II. EVENT GENERATION 



For the simulation of the signal and background events, and cross section calculations, PYTHIA 



8.1.53 



38| is used. The SUSY-HIT package 



39( 1 is used as a self-contained tool for the calculation of 



the MSSM Higgs boson and SUSY particle decays. The particle decays are calculated by HDECAY 
36 1 and SDECAY [4^ which are both included in SUSY-HIT. For the calculation of the particle 



spectrum, the renormalization group evolution program SuSpect 



41[ is used. This program is 



linked to the SUSY-HIT package by default. The output including the particles mass spectra and 



decays is written in SLHA format 



43] and used by PYTHIA for event generation. 



The two r leptons in the final state are allowed to decay to all possible final states, however, only 
the hadronic decay is analyzed. For a proper simulation of r lepton decay, TAUOLA C-I-+ interface 
43l | is linked to PYTHIA. This package is a C-I-+ version of the Fortran-based TAUOLA 



44 



46| 



and has been designed to be used by PYTHIA 8 series. The output of the PYTHIA is translated 
to HEPMC 2.05.01 format j^] and is transferred to TAUOLA interface to add the r lepton decay 
information to the event. Having generated events, the jet-like r hadronic decays are identified 
using FASTJET 2.4.1 Q which is a jet reconstruction package. The anti-kt algorithm [49| and a 
cone size of 0.4 and the ET recombination scheme are used for the jet reconstruction. 
Finally when events are generated, kinematic distributions are visualized and analyzed using ROOT 

5.30 bdi. 
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III. THE SIGNAL AND BACKGROUND PROCESSES AND THEIR CROSS SECTIONS 



As discussed before the signal process is: 

e+e" ^ H+R- t^utv (3) 
The main background processes for this signal would be Drell-Yan process, 

e+e" ^ Z/7* ^ r+T (4) 

the pair production of Z bosons, 

e+e" ^ ZZ ^ t'^tvv (5) 

and W boson pair production, 

e+e- ^ W^W- T+vTv (6) 

The Z/^* process contains some missing Et due to the r lepton hadronic decay which produces r 
neutrinos. Any imbalance of energy as a result of mid- identification of jets can also result in fake 
missing Et in the event. Therefore such events may appear with the same final state as the signal 
and as will be seen later, they contribute as the main source of the background. The ZZ process 
has a small cross section and few tens of such events survive the event selection as will be seen in 
the results section. 

It should be noted that when searching for events with r+ri?™** as the final state, other sources of 
the charged Higgs production may also contribute to the signal. An example of such events would 
be e^e~ — )• W^H^. These events have a negligible cross section at high tan/3 . As a comparison, 



with tan/3 = 10 and = 160 GeV, the cross section of e^e~ — )• W^H^ is about 0.1 fb j32l ]. 

which is much smaller than the corresponding cross section of e"^e~ — )■ H^H^ (~ 52 fh) for the 
same values of tan /3 and mu± . Therefore in the search for the charged Higgs boson using the pair 
production channel, any contribution to the signal due to W^H^ would be a small fraction of 
percent. 

Concerning the theoretical framework, the MSSM is adopted for this search. For the signal simu- 
lation the LEP mh — max benchmark scenario is used with the following parameters: M2 = 200 
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is = 500 GeV 



X! - 




m(l-l±) [GeV] 



FIG. 2: The signal cross section, a and a x BR for a center of mass energy of 500 GeV. 

GeV, Mg = 800 GeV, fi = 200 GeV and MsusY = 1 TeV. The rrih — max scenario has been defined 
to yield the maximal value of m/^, thus minimizing the excluded area in the parameter space. This 
scenario is used to set the most conservative exclusion bounds on the MSSM Higgs boson masses 
and tan/3 for fixed values of the top quark mass and MsjjSY [H]- Therefore it is adopted as the 
working point in this study. As stated before, tan /3 = 10 is used throughout the paper. This is a 
value currently outside the excluded area in [a]. In order to calculate the signal cross section, the 
charged Higgs branching ratio of decay to tv is taken into account and the total cross section, a, 
and the cross section times branching ratio, a x BR, are calculated for two different scenarios of 
^/s = 500 and 1000 GeV. Results are presented in Figs. [2] and [3l 

A linear collider with y/s = 1000 GeV may be expected to perform better in the heavy charged 
Higgs mass regions not accessible by a collider operating at ^/s = 500 GeV. In such regions, the 
branching ratio of charged Higgs decay to tu and thus a x BR are small, as can be seen from Fig. 
[3l Therefore the machine sensitivity to the heavy charged Higgs signal in the final state studied in 
this analysis may be poor even for a collider with = 1000 GeV. In the following the analysis is 
described in details based on y/s = 500 GeV, while at the end, the whole analysis is repeated with 
y/s = 1000 GeV and final results are presented and compared with those obtained with -y/s = 500 
GeV. 
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FIG. 3: The signal cross section, o and a x BR for a center of mass energy of 1000 GeV. 
IV. EVENT SELECTION AND ANALYSIS STRATEGY 



In this section, the event selection is described step by step. The analysis strategy is to apply 
selection cuts inspired by kinematic distributions of the signal and background processes and 
differences observed in those distributions. The kinematic cut is thus applied to increase the 
signal to background ratio while keeping the signal at a reasonable level. The signal significance is 
calculated at the end when total selection efficiencies are obtained for the signal and background. 
To begin the analysis, when events are generated, jets are reconstructed using FASTJET and sorted 
in descending 'PT- The missing transverse energy is also calculated as the vectorial sum of transverse 
momenta of stable particles in the event under the condition that they lie in a pseudorapidity range 
of \r]\ < 3.5 with r] = — lntan(0/2). As an example, this angle corresponds to half-angle of the beam 
pipe cone designed for SiD (Silicon Detector) which will be operating as an ILC detector 5l[. Since 
there are two r leptons and two neutrinos in signal and the background, the two above objects, 
i.e., jets and MET (missing transverse energy) compose the basic tools for the event analysis. 
Therefore the event analysis is started by applying the following kinematic thresholds on jets: 

e}^^ > 20 GeV , |?7|jet < 3 (7) 

Figure S] shows the jet multiplicity for signal and background events with ^/s = 500 GeV. The 
following condition is applied on every event: 

Number of jets > 2 (8) 
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— e"e*^ H*H" 
.... e e*^ W^W 

ee*^ Z/y 



Final State: t+ x E^'' 
= 180 GeV, tanp = 10 
is = 500 GeV 



3 4 5 6 

Number of reconstructed jets 



FIG. 4: The jet multiplicity in signal and background events for a center of mass energy of 500 GeV. 

The selected jets in signal and background events are basically r-jets produced from the r lepton 
hadronic decays. These jets are characterized by the low charged particle multiplicity (few charged 
pions from the r lepton decay) which results in a narrow jet dominated by an electromagnetic 
shower. The charged pion energy distributions are correlated with the r lepton helicity state 
which is determined by the spin of the decaying boson. The charged Higgs boson as a spin-less 
particle decays as the following, — t^i'l {H~ — )• trvr), whereas the W boson decays like 
— )• t^vl {W~ — tlvr). Therefore the r leptons have opposite helicity states in two cases. 
As will be seen later, the one-prong decay is the dominant effect in the r lepton hadronic decay. 
Therefore constraining ourselves to the case of one-prong decay, the r leptons from the charged 
Higgs decay undergo the following decay processes, — 'K^yni'TR ^^i); whereas in case of W 

boson decay, the r leptons decay as the following, — )• ■k^i>r{tl — )• t:~vl). Therefore in a charged 
Higgs boson decay to a r lepton, the generated r lepton, in its decay, tries to push the charged pion 
forward and kick back the neutrino in order to conserve the angular momentum. The r leptons 
from W boson decays, behave in the opposite way, kicking back the charged pion. As a result the 
charged pions produced from the charged Higgs boson decays acquire a harder momentum and 
energy distribution in the laboratory frame. This difference appears as harder jets in signal events 
compared to background processes. As a conclusion, the signal jets, receive a higher chance to 
pass the jet kinematic selection and the jet multiplicity distributions look different for the signal 
and background events as is seen from Fig. HI 

The selected jets are taken as the r-jet candidates and are tested with a r-identification algorithm 
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FIG. 5: The leading track px distribution in signal and background events for a center of mass energy of 
500 GeV. 



similar to what is used by LHC experiments 5^]. The phenomenology of the r lepton decay 
follows studies reported in The r-id starts by considering the fact that the r lepton in 

its hadronic decay produces predominantly one or three charged pions. Due to the low charged 
track multiplicity in the r lepton decay, the charged tracks (pions) in the r hadronic decay, acquire 
relatively a higher transverse momentum compared to tracks of light quark jets. To verify this effect, 



a jet-track matching cone of AR = 0.1 is considered around the jet axis. Here AR = \J Arf + AcjP' 
and (j) is the azimuthal angle. Both A?^ and A(j) are calculated for tracks in the jet with respect to 
the jet axis. The hardest charged track in the matching cone is the candidate for the charged pion 
from the r lepton decay. Figure [5] shows distribution of the leading track transverse momentum 
in signal and background events. The kinematic cut designed for this distribution is set as the 
following: 

pleading track ^ 2Q GeV. (9) 

Moreover since r jets consist of few charged tracks, they are isolated jets in the tracker. In order to 
use this fact an isolation cone and a signal cone is defined respectively with cone sizes of AR < 0.4 
and AR < 0.07 around the leading track. The isolation requirement is then as the following: 

No charged track with pT > 1 GeV in the isolation annulus 0.07 < AR < 0.4 (10) 

The low charged track multiplicity in the r jets also implies that the leading track in the jet cone 
carries a larger fraction of the r jet energy compared to quark jets in background events. In order 
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FIG. 6: Distribution of the leading track pT divided by the r jet energy denoted as R. Both signal and 
background distributions are shown for a center of mass energy of 500 GeV. 

to verify this effect, the distribution of the leading track px divided by the r jet energy is plotted 
as shown in Fig. [6j The applied cut on this distribution is set as the following: 

pleading track/^^ > 0.5 (11) 

Although harder cuts are also possible, they are avoided here, not to lose the signal statistics. 
Finally since the r lepton hadronic decay is a one-prong or three-prong decay, the number of 
charged tracks in the r jet is counted by a search in the signal cone. This procedure results in a 
distribution shown in Fig. [3 according to which the following requirement is applied: 

Number of signal tracks in the r jet = 1 or 3 (12) 

It should be noted that in a real situation at the presence of detector smearing, material effects 
and the magnetic field, a number of signal tracks may fall outside the signal cone. A study of such 
effects is beyond the scope of this analysis, however, as verified in an LHC experiment study in 



12l |. a very small fraction of signal events appear with two signal tracks and fall in the two-track 
bin. Therefore these errors are expected to be small. This is the end of the r identification. Figure 
[8] shows the r jet multiplicity in signal and background events. An event has to have exactly two 
r jets identified by the above algorithm. If this requirement is satisfied, the event is accepted, 
otherwise it is rejected. 

In order to reduce the Drell-Yan events, the azimuthal angle between the two r jets is calculated. 
Figure [9] shows the distribution of this angle in signal and background events. As is seen, the Z/^* 
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FIG. 7: Number of signal tracks in the r Icpton decay in signal and background events for a center of mass 
energy of 500 GeV. 
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FIG. 8: The t jet multiplicity in signal and background events with center of mass energy of 500 GeV. A r 
lepton is accepted and counted if it passes all selection requirements stated in the r identification algorithm 
description. 

events tend to produce back-to-back r jets, as both r jets come from the same particle. Therefore 
the following requirement is applied on each event, 

^<P{r+,r) < 3 rad (13) 

The final kinematic distribution to use, is the missing transverse energy which is plotted in Fig. 
[TOl The following cut is applied on the missing transverse energy: 
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FIG. 9: The azimuthal angle between the two r jets in signal and background events for a center of mass 
energy of 500 GeV. 




FIG. 10: The missing transverse energy distribution in signal and background events for a center of mass 
energy of 500 GeV. 

Missing transverse energy > 30 GeV (14) 

Harder cuts are again avoided to keep the signal statistics at a reasonable level. With this cut, 
the event selection ends and the same procedure is applied on every event and the total selection 
efficiency is calculated for signal and background samples. This is the topic of the next section. 
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TABLE I: Signal and background cross sections times branching ratios and their selection efficiencies. The 
last column is the signal statistical significance obtained from the final selected number of events which are 
normalized to a total integrated luminosity of 500 fb~^. The center of mass energy of the collider is set to 
500 GeV. 

V. RESULTS 



In this section, selection efficiencies are calculated numerically for different samples of the signal 
events corresponding to different charged Higgs masses in the most interesting region of the charged 
Higgs mass spectrum. The tan /3 is set to 10 as stated before. Tables H] and HI] present the results 
for two center of mass energies of 500 and 1000 GeV respectively. Since for some Tnjj± values, the 
signal is comparable to the background, the signal significance is calculated as in Eq. [15] where 
Ns{^b) is the selected number of signal (background) events. 

Ns 

Signal Significance = = (15) 

The sharp drop of the significance in the charged Higgs mass interval of 180-200 GeV is a result of 
turning on the charged Higgs decay to tb which suppresses the tv decay mode rapidly and starts 
to be the dominant decay mode for higher charged Higgs masses. 
Results of Tabs. II] and HI] are plotted in Fig. [TTJ 



15 



Signal 


mH± 


tan f3 






ax BR(/6) 


Efficiency 


Selected events 


Significance 


160 


10 


27.7 


0.9773 


26.5 


14.1% 


2637 


32 


170 


10 


26.5 


0.9762 


25.2 


15.1% 


2394 


32 


180 


10 


25.7 


0.9257 


22 


15.6% 


2145 


30 


200 


10 


24.1 


0.5011 


6.05 


16.1% 


602 


11 


220 


10 


22 


0.3195 


2.25 


16.1% 


214 


4.3 


240 


10 


20.6 


0.2408 


1.2 


17.1% 


123 


2.5 


260 


10 


18.7 


0.1999 


0.75 


17.8% 


72 


1.7 


280 


10 


16.7 


0.1759 


0.52 


18.1% 


51 


1.2 


300 


10 


14.8 


0.1605 


0.38 


18.7% 


39 


0.8 


Background 


Process 






crx BR(/6) 


Efficiency 


Selected events 






4307 




271 


0.92% 


1247 






3179 




37.4 


1.42% 


265 




zz 


175 




5.8 


0.92% 


27 





TABLE II: Signal and background cross sections times branching ratios and their selection efficiencies. The 
last column is the signal statistical significance obtained fi^om the final selected number of events which are 
normalized to a total integrated luminosity of 500 fb^^. The center of mass energy of the collider is set to 
1000 GeV. 

VI. CONCLUSIONS 

The charged Higgs pair production in a hnear e+e~ cohider was studied looking at the r lepton 
pair final state. Results show that the charged Higgs is observable through this channel for a wide 
range of the charged Higgs mass. With i/s = 500 GeV, having collected data corresponding to an 
integrated luminosity of 500 fb^^, the signal is observable with 5a significance up to mi{± ~ 200 
GeV. The observability of the signal turns out to be extended up to mjj± ~ 220 GeV with ^/s = 
1000 GeV. The reason that no dramatic extension of the 5(7 contour is obtained when increasing 
the center of mass energy of the collider could be the fact that the signal statistics remains low for 
heavy charged Higgs masses. This is a reflection of two facts. First, being a lepton collider, the 
overall cross sections involved in this analysis decrease when increasing the center of mass energy 
of the collider. This experience is contrary to the case of hadron colliders where the total cross 
section of such events normally increase when the center of mass energy is increased. Second, 
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FIG. 11: The signal significance with -/s = 1000(500) GeV shown with sohd (dashed) hnes with integrated 
luminosity of 500 fb^^. 

the branching ratio of charged Higgs decay to ti^ slows down to less than 0.2 in the high mass 
region while the charged Higgs decay to tb is high enough to produce the main signal in that 
region. Nevertheless the signal studied in this work serves as a detectable signal in a large area of 
parameter space and can be used as a complementary search to those already proposed. 
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